The purpose of the present study was to compare the use of a conventional underwater seal device with suction and a flutter valve drainage bag for pleural drainage after lung surgery.
INTRODUCTION
Thoracic drainage systems are designed to remove air and blood from pleural space after surgical procedures. Surgeons manage postoperative drainage differently and often decisions are made on individual preferences without resorting to sound evidence (1) . Scandinavian Journal of Surgery 94: [56] [57] [58] 2005 It is shown that most patients requiring intercostal chest drainage for common conditions such as pneumothorax, haemothorax or pleural effusion can be managed adequately without adding suction to the underwater seal (2) or with flutter valve drainage bag (3) . It is usual that postoperatively chest tubes with underwater seal device are connected to suction although it is shown that chest drainage after thoracic surgery without suction with drainage bag (4) or even without drainage after pneumonectomy (5) are effective treatments.
The tube connected to the underwater seal device with suction is cumbersome and restricts patients' mobility. The ambulatory chest drainage system has been designed as an alternative to the underwater seal system incorporating a re-entry preventing flut-ter valve and vented outlet into a flexible bag. This system has been designed for emergency situations, but its effectiveness has been shown also in treating postoperative air leaks after elective thoracotomy (4, 6) .
Based on our own encouraging experiences and results in the literature we decided to compare the underwater seal device with suction to the flutter valve drainage bag as a drainage method after lung surgery except pneumonectomy.
PATIENTS AND METHODS
The study design was approved by the Ethics Review Committee of the Satakunta Central Hospital, Pori, Finland. All patients undergoing elective lung surgery except pneumonectomy in Satakunta Central Hospital, Pori, Finland between February 2001 and April 2002 were considered eligible for this prospective study. The patients gave the informed consent to the study. Altogether 59 patients were randomized; 32 to the underwater seal device group and 27 to the flutter valve drainage bag group. Four patients were dropped out after randomization; three patients in the flutter valve drainage bag group because they finally underwent pneumonectomy and one in the underwater seal group because the tube was taken out from the underwater seal device and connected to the flutter valve drainage bag on the first postoperative day. Finally there were 55 patients analyzed; 31 patients in the conventional underwater seal device group and 24 patients in the flutter valve drainage bag group. Both groups had similar baseline characteristics. In the underwater seal device group there were 8 females and 16 males and in the flutter valve drainage bag group there were 13 females and 18 males. Accordingly the mean age was 60 ± 15.1 years in the former and 60 ± 12.9 years in the latter group. Indications of the lung operations are shown in Table 1 and the type of surgery in Table 2 .
All patients were operated by two experienced thoracic surgeons (J.H and P.A). After operation the conventional method was insertion of a 28 F intercostal drainage tube(s) (Vycon, Laboratoires Pharmaceutiques, Ecouen, France) connected to an underwater seal device (Atrium Medical Corp, Hudson, NH ) with negative pressure of 15 cm of water applied to the tube(s). In the alternative method the tube(s) was connected to the flutter valve drainage bag (Ambulatory Chest Drainage System, Portex Ltd, Hythe, UK). Indications for tube removal were a fluid output less than 200 ml per day and no air leak anymore.
Statistical analysis was performed with CIA (Confidence Interval Analysis, British Medical Journal, London, England) for personal computers. Possible differences between two groups were characterized in terms of 95% confidence intervals.
RESULTS
Mostly the patients had only one tube (mean 1.2 in the underwater seal device group and 1.0 in the flutter valve drainage bag group). The mean drainage time was 2.6 (SD ± 2.0) days in the suction group and 3.3 (SD ± 4.0) days in the flutter valve drainage bag group (difference -0.8, 95% confidence interval -2.4 to 0.9). There was no clinically significant difference between the groups. Furthermore there was no dif-ference in the mean postoperative time in the surgical ward; 3.6 (SD ± 2.7) days in the underwater seal device group and 4.1 (SD ± 4.4) days in the flutter valve drainage bag group (difference -0.5, 95% CI -2.5 to 1.4). The patients in both groups were mobilized mainly on the next morning after operation. The mean amount of drained fluid was 724 ml (SD ± 592) in the underwater seal device group and 653 ml (SD ± 830) in the flutter valve drainage group. The distribution of indications of the lung operations was similar in both groups ( Table 1) .
The flutter valve drainage bag system was converted to the conventional underwater seal system with suction in three patients due to the inadequate air evacuation. In two cases the reason was subcutaneous emphysema after decortication and lobectomy, and in the third case the lung did not re-expand after lobectomy. Furthermore, in the flutter valve group the indwelling drain was reinserted after discharge from the surgical ward on 10 th postoperative day because of pleural effusion to a patient operated due to hamartoma with partial resection of the lower lobe of the left lung.
In the underwater seal device group one patient had two chest tubes for several days due to continuous fluid output after bilobectomy. The other patient in this group developed a massive subcutaneous emphysema in the neck area after lobectomy, which was first treated with skin incisions and on the third postoperative day a new chest tube was inserted. This patient had the tubes nearly one week. 
DISCUSSION
The conventional method to treat spontaneous or traumatic pneumothorax, hemothorax and fluid in the pleural space has been the underwater seal drainage with the negative pressure. This method has also been used after lung surgery to evacuate air and blood from the pleural space and to allow the re-expansion of lung after operation. This system is uncomfortable because of the noise of air bubbling and because the system immobilizes a patient to the bed during the treatment. Therefore, we have studied if pleural drainage could be treated with an ambulatory chest drainage system without suction. We have shown earlier that flutter valve drainage bag is a feasible method in the treatment of pneumothorax and pleural effusion (3) . Furthermore, there is evidence that the flutter valve may provide a physiologically more effective alternative to the underwater seal drainage without suction in the treatment of persistent postoperative air leaks in the presence of an expanded lung (6) . The present study on clinical benefits of flutter valve system for drainage after lung surgery shows, that there is no clinical difference in the duration of drainage and hospitalization in the surgical ward between the conventional underwater seal system and the flutter valve system. The disadvantage of the device noticed also in this study was the difficulty of air leak estimation. It was done with disconnecting the drain from the bag and putting it in to the waterglass to see if there is any air bubbling. There were not any complications like blockage of the Portex valve or accidental fall out of the drain. The costs of the underwater seal system and the flutter valve drainage bag are nearly the same.
Postoperative pleural suction was required in three patients in the flutter valve drainage group. Two patients of these three underwent lobectomy and one patient decortication. The reason for conversion was subcutaneous emphysema in two cases and in one case the lung did not re-expand. In cases with extremely massive air leaks it could be wise to use at once the underwater seal with suction. On the other hand there were postoperative problems with air leak also in the group of underwater seal with suction. Cerfolio et al. (7) have reported similar results in the study comparing suction versus water seal for air leaks after pulmonary surgery. They found that water seal seems statistically superior to suction for stopping other than large air leaks after elective pulmonary resection. According their study continuous or large air leaks occuring on the first postoperative day are unlikely to stop by 6 th postoperative day despite chest tube settings.
In conclusion, our study showed that flutter valve drainage bag is a safe and effective system in the management of reasonable postoperative airleak and haemorraghe after lung surgery except in pneumonectomy. The flutter valve drainage bag has been mainly used without complications for the postoperative pleural drainage after lung surgery except pneumonectomy in our hospital.
